Abstract
Introduction
Knowledge has been identified as a critical resource for the innovativeness, competitiveness and survival of the firm (Grant, 1996) . New product development (NPD) in particular has been characterized as a knowledge-based activity, and new products have been described as "the fruit of the fusion of new and existing knowledge" (Iansiti, 1995, p. 521) . It has long been acknowledged that knowledge is normally widely dispersed (Hayek, 1945) , but more recently, the importance of using external knowledge in firms' innovation processes has been increasingly highlighted in research and practice in innovation management. The positive effects of using external knowledge in relation to innovation performance have been confirmed in several fields of study, such as research and development (R&D) alliances (de Man and Duysters, 2005) , buyer -supplier collaborations (Lau et al., 2010) and networks (Mu and Di Benedetto, 2012) . Moreover, the prospective benefits of external knowledge are emphasized in particular in literature on open innovation (Chesbrough, 2003; Dahlander and Gann, 2010) and confirmed in empirical studies (Laursen and Salter, 2006; Remneland-Wikhamn and Knights, 2012) . Open innovation suggests that NPD processes need to become more open in a way that allows knowledge to cross firm boundaries. However, there are limits to the benefits of openness; Laursen and Salter (2006) show a curvilinear relationship between openness and innovation performance, showing that too much openness results in a decrease in performance. This clearly signals that there are costs involved in the transactions across firm boundaries that involve knowledge (Knudsen and Mortensen, 2011) . These costs depend upon the mode of integration used (Grant and Baden-Fuller, 2004; Grant, 1996) . While knowledge integration in terms of influencing factors and knowledge integration outcomes has been examined intensely, there is a lack of in-depth analysis and poor understanding of underlying processes and mechanisms of knowledge integration in general (Tell, 2011; Kraaijenbrink, 2012; Foos et al., 2006) and specifically in the context of buyer -supplier collaboration in NPD. More detailed insight into these processes is crucial to formulate successful NPD practices when relying on external knowledge. Accordingly, this paper explores and characterizes knowledge integration approaches and mechanisms that are used to integrate external knowledge of suppliers into NPD projects.
Based on a multiple, in-depth case study of six product development projects at three knowledge-intensive manufacturing firms, this paper provides new and detailed insights into knowledge integration in NPD collaborations by describing how the knowledge characteristics both of the supplier's contribution and in relation to the context drive the use of knowledge integration approaches. The remainder of the paper is structured into four sections. First, a short theoretical framework determines the importance of and conceptualizes knowledge integration in collaborative NPD projects involving suppliers. Next, methodological choices are discussed, including the selection of the cases, data collection and analysis. This is followed by a detailed description of knowledge integration in six buyer -supplier collaborations. The cross-case analysis reveals patterns of knowledge integration mechanisms in relation to the knowledge characteristics of the supplier's input and the context. This results in the characterization of two knowledge integration approaches for integrating supplier knowledge into NPD projects. The article concludes with suggestions for future research.
Theoretical framework

Knowledge integration
When knowledge is a primary source of value (Grant, 1996) , and it is not likely that all necessary knowledge resides in a single firm (Grant and Baden-Fuller, 2004; Kogut and Zander, 1992) , the integration of firm internal and external knowledge is essential to achieve competitive advantage (Lawson et al., 2009) . Knowledge integration can be defined as "combining specialized but complementary knowledge" (Tell, 2011, p. 27) , which is particularly important in organizational contexts. It denotes that organizations are composed of members with specialized knowledge who will not automatically work together. Rather, substantial communication and coordination efforts are necessary to coordinate a cohesive organizational knowledge base (Kraaijenbrink, 2012) . These efforts reflect the process of knowledge integration, which is particularly important in knowledge-intensive processes such as those in product development (Prieto et al., 2009; Carlile, 2002 Carlile, , 2004 . Previous research has examined and discussed two distinct approaches to knowledge integration. First, knowledge integration has been described as a process of transferring knowledge to learn from each other and overcome difficulties in communicating and collaborating (Brown and Eisenhardt, 1995) . Knowledge transfer builds on the transmission of knowledge from one individual or organization to another. This knowledge transfer perspective has gained wide acceptance in literature on buyer -supplier relationships (Kotabe et al., 2003; Modi and Mabert, 2007; Lawson et al., 2009; Cousins et al., 2011; Wagner, 2003) . However, transfer-driven knowledge integration is inherently time-consuming, inefficient and difficult (Grant, 1996) . Therefore, a second approach to knowledge integration has been described as a synthesis of disparate specialized knowledge without the entire transfer of that knowledge (Alavi and Tiwana, 2002) . This second approach involves revealing the presence of pertinent knowledge without necessarily transmitting it entirely (Tiwana and McLean, 2005) . Although existing literature on buyer -supplier relationships primarily seems to be based on perspectives of knowledge integration through knowledge transfer, i.e. which could be measured in terms of the technical, market, product or process knowledge that is gained through the transfer (Parker, 2012) , knowledge transfer is often operationalized based on measures related to close relationships, bilateral communication, frequent contact, informal discussions and early involvement (Lawson et al., 2009; Cousins et al., 2011; Kotabe et al., 2003) . These measures reflect important mechanisms and point to the importance of interpersonal interaction but do not actually describe whether knowledge integration is achieved through transfer of knowledge based on a synthesis of knowledge held by the individuals involved. In other words, previous research fails to provide insight into whether knowledge is considered as a resource or knowledge as knowing (Okhuysen and Eisenhardt, 2002) . This distinction is important, as it is related to how knowledge integration processes are managed (Kumar and Ganesh, 2011) . Dixon (2000) argues that the type of process depends on contextual characteristics, i.e. is related to the similarity of the task and context of the actors involved in the knowledge integration process, the nature of the task in terms of how routine and frequent it is and the type of knowledge (tacit or explicit) that is being integrated. In relation to non-routine tasks, such as are often performed in product development projects, Dixon makes a distinction between three different types of knowledge transfer that also could be applied to knowledge integration processes. First, far knowledge integration involves the integration of tacit knowledge. Far transfer makes it possible to leverage individuals' specialized and critical knowledge but requires that the knowledge is customized to the specific situation. This requires translation and contextualization (Galunic and Rodan, 1998) and thus a certain degree of interpretation. Second, strategic knowledge integration involves very complex knowledge that affects large parts of a system. A process of knowledge integration in the context of strategic transfer relies to a large extent on the interpretation of knowledge in real-time with the actors involved. Without interpretation and synthesis, it is unlikely that these actors can arrive at new understandings of the knowledge, limiting the number of potential recombinations (Marsh and Stock, 2006) . Third, expert transfer concerns explicit knowledge that can be offered without much interpretation to address an unusual technical problem. Thus, the expertise of others can be sought by clearly stating the problem. While the latter approach is more similar to knowledge integration as a process of knowledge transfer, the first two resemble knowledge integration as a process aimed at a synthesis of disparate specialized knowledge. Despite these insights, it seems that knowledge integration processes in product development are still poorly understood (Foos et al., 2006) . Consequently, the underlying approaches to knowledge integration in collaborative buyer -supplier relationships require further investigation.
To shed more light upon the approaches to knowledge integration, we make a distinction between knowledge sharing and knowledge combining (Okhuysen and Eisenhardt, 2002) . Knowledge sharing is defined as a process where "individuals identify and communicate their uniquely held information" (Okhuysen and Eisenhardt, 2002, p. 383) . This view needs to be clearly distinguished from common knowledge which refers to "shared belief systems" (Dixon, 2000) . In knowledge integration processes these two perspectives often merge, i.e. revealing part of an actors' knowledge could result in common knowledge that is known throughout the actors' organizations. However, here we emphasize knowledge sharing as a crucial first step in knowledge integration processes. The definition of knowledge sharing indicates the importance of communication. Here, Okhuysen and Eisenhardt (2002) (Hooff and Ridder, 2004) . As a second step in a knowledge integration process, knowledge combining refers to a situation in which several individuals combine their knowledge to create something new (Okhuysen and Eisenhardt, 2002) . This process is more complex than knowledge sharing and relies on joint problem-solving, questioning others and different ways of knowing. The combination of knowledge depends on how individuals know, consider alternative combinations and use different lenses to view their own and others' knowledge. As knowledge sharing and knowledge combining are both important in knowledge integration, in this paper, we conceptualize knowledge integration as a process that starts with knowledge sharing and subsequently and perhaps also partly in parallel focuses on combining specialized knowledge. It is expected that this process will result in the creation of new knowledge through synthesis (Tell, 2011) .
Mechanisms for knowledge integration
Many researchers have emphasized the importance of managing knowledge in organizations, specifically in relation to tacit knowledge relying on personal skills that are difficult to transfer (Kumar and Ganesh, 2011; Ranucci and Souder, 2015; Foos et al., 2006) . When scrutinizing existing literature, a wide range of mechanisms for establishing knowledge integration can be identified (Berggren et al., 2011) . Each of these mechanisms provides different prerequisites for interaction between individuals. Grant (1996) proposes several mechanisms, including rules and directives, sequencing, routines and group problem-solving and decision-making. Rules and directives involve plans, schedules, forecasts, policies and procedures. Sequencing relies on organizing the work in a time-patterned sequence to minimize dependencies. In NPD, for example, this thought is represented in stage-gate development models (Cooper, 2008; Gronlund et al., 2010) . Another mechanism is based on routines, i.e. stable patterns of behavior that characterize organizational reactions and are developed through experience accumulation, knowledge articulation and knowledge codification processes (Zollo and Winter, 2002) . Finally, group problem-solving and decision-making is a communication-intensive form of integration, relying upon high levels of interaction and seems to be especially important when task complexity is high and when knowledge cannot be easily articulated. Schmickl and Kieser (2008) propose additional mechanisms that facilitate knowledge integration and reduce the need for extensive communication and transfer of knowledge between specialists. First, transactive memory involves knowing and being able to identify specialists (Akgun et al., 2006) . Transactive memory essentially constitutes a shortcut in the search for external knowledge. Second, modularization allows the breakdown of large and complex tasks into smaller subtasks. This limits the problem-solving to specific interface issues and allows sequencing in NPD processes. Third, experts could also use prototypes to identify specific challenges or problems related to the interaction of several product components.
Knowledge characteristics and knowledge integration
The broad range of possible knowledge integration mechanisms presumably indicates that different mechanisms are effective in different situations. Difficulties in relation to knowledge integration have frequently been related to the dichotomy between tacit and explicit knowledge (Kogut and Zander, 1992; Conner and Prahalad, 1996; Nonaka, 1994) . In buyer -supplier collaborations, explicit knowledge may be integrated through exchanges of relatively small-scale technical information, for example, to solve problems and enhance products and processes, whereas tacit knowledge integration requires large-scale commitments in concerted projects (Kotabe et al., 2003) . Knowledge integration activities based on small-scale technical information are exploitative in character (Faems et al., 2005) and focus on the refinement and extension of existing competences and technologies. In this context, suppliers may be important external knowledge sources for incremental innovation by initiating and enabling improvements to product quality and decreased costs (Belderbos et al., 2004; Hoegl and Wagner, 2005) . To a large extent, these inputs rely on explicit knowledge. In contrast, suppliers can also contribute to radical innovation, such as innovative design and technology solutions (Schiele, 2006; Un et al., 2010) . Radical innovation relies to a higher degree on explorative processes and tacit knowledge integration through search, discovery and experimentation (Cheng and Van de Ven, 1996) and is associated with increased commitments and concerted efforts (Kotabe et al., 2003) . Studies of product development projects show that radical projects are managed in a different way than incremental projects (Holahan et al., 2014) . Consequently, it can be asserted that the character of the external supplier knowledge input into product development processes also influences the practices related to the use of knowledge integration approaches and mechanisms in product development processes.
Methodology
Research design
To explore the knowledge integration approaches and mechanisms that are used to integrate suppliers' external knowledge into NPD projects, we designed our research as a multiple case study of six projects at three international manufacturing firms offering complex products to an industrial market. Case studies were considered to be an appropriate approach, as the aim was to gain an in-depth understanding of the phenomenon -knowledge integration -in its context (Eisenhardt, 1989) . Therefore, the research design relies on a multiple case that follows a logic of theoretical replication and allowed us to investigate the phenomenon in different industries (Yin, 2009 ).
To find relevant cases, only firms with relatively high levels of R&D activity were included in the study. These firms generally attach a higher value to collaborating partners and tend to have a higher absorptive capacity than less high-tech firms (de Faria et al., 2010) . One firm, called Carcom, was selected from the automotive industry. Carcom is a relatively small player in this industry, with approximately 2,350 employees and an R&D spend of 3.3 per cent of sales. The second firm, Telcom, is a considerably larger and world-leading firm in the telecoms industry, with an R&D spend of 14.4 per cent. The number of employees is about 100,000. The third firm is called Enercom and is active in the energy sector. This firm has about 130,000 employees and an R&D spend of 3.7 per cent.
In close collaboration with these three firms and following discussions with strategic managers at the respective firms, two NPD projects were selected at each firm (Table I) . Each of the NPD projects took place over two-three years and involved about ten project members from the three different firms, together with several employees from the suppliers. One of these projects was characterized as incremental, primarily building on incremental knowledge inputs from the suppliers. The other project at each firm was characterized as more exploratory and radical in nature, using radical knowledge inputs from suppliers. This allowed us to explore potential differences in knowledge integration approaches and mechanisms for these different types of projects.
The radical or incremental nature of the projects was determined in collaboration with the strategic managers at the three firms in relation to the degree of familiarity with the given technologies, i.e. technological novelty (Tatikonda and Rosenthal, 2000) . In projects with supplier input that was radical in nature, i.e. the holder, battery and antenna project, the supplier contributed knowledge that related to new technology and/or a completely new design that had not previously been implemented in a similar product. In the projects with incremental supplier knowledge inputs, i.e. the caliper, bearing and processor project, the suppliers' knowledge was used to produce improved products/processes and focused on limited changes in technology or design.
Data collection and analysis
As all NPD projects were in a final phase when the data collection began, we could easily gain an overview of the projects and had access to extensive empirical material. Research data was primarily collected through interviews, which is a highly efficient method for gathering detailed data (Eisenhardt and Graebner, 2007) . By selecting individuals with different roles and responsibilities and having access to and detailed knowledge about the NPD projects, representativeness and quality were ensured. The main part of the interviews was carried out at the three firms with strategic purchasing staff, project managers, designers, manufacturing engineers and other key personnel involved in the collaboration with suppliers in the projects. Project managers, engineers and key account managers from the suppliers were interviewed. These provided additional insights and validated the findings from the buying firms' perspective. In total, 46 interviews were conducted (Table II) , almost all face-to-face to get descriptions that were as rich as possible. Each interview lasted on average 1 h.
The data analysis was carried out by classifying the narratives into content categoriesusing the theoretical framework -to structure the data. This was based on general predetermined categories, such as the type of supplier input (e.g. the knowledge characteristics), the knowledge integration approaches (e.g. emphasis on transfer or synthesis) and the knowledge integration mechanisms from the theoretical framework. This way of working enabled us to find additional new themes. Acknowledging different types of supplier inputs, the focus was initially on identifying the knowledge integration mechanisms. Then the different ways of integrating knowledge were identified and characterized by identifying the associated knowledge integration approaches in each of the cases. Subsequently, a comparative analysis was carried out by listing similarities and differences. This comparison is presented in Table III and allows the reader to draw their own conclusions (Miles and Huberman, 1994) . From the cross-case analysis, two distinct approaches for integrating knowledge into collaborative NPD projects with suppliers emerged from the empirical material. These, together with relationships to the specific knowledge characteristics, will be discussed further in the analysis and discussion section.
Results -knowledge integration with suppliers in six new product development projects
Case 1 -the holder (Carcom)
The holder is a critical component in the development of a new generation of disc brakes.
To develop this component, a completely new solution and new innovative design was necessary. This solution deviates extensively from previous designs that are available on the market. For this purpose, Carcom involved a supplier with specific expertise in casting design and processing. This involved the integration of knowledge based on far, or potentially strategic, knowledge integration due to the system-wide implications of the new component (Dixon, 2000) . The supplier was involved throughout the project, and together with Carcom, deep analyses of the component were made based on the joint interpretation of knowledge gained from previous projects:
The supplier has been involved throughout the whole holder project. They have also been involved in previous development projects and thus have experience that they could bring to this new project. We have succeeded in transferring knowledge from past projects into this project (Engineer, Carcom).
Carcom and the supplier characterize their collaboration by openness and interpersonal contacts. Throughout the process, problems and challenges were solved jointly:
We have been deeply involved in this. Normally we get a drawing that directs our work. In this case, we have been working very closely with the designers and together we have tried to optimize the component (Engineer, Supplier).
Throughout an extended period of time, iterations in the processes of sharing and combining knowledge took place. Triggered by new challenges, new knowledge was revealed and subsequently combined into the evolving solution. This extended and evolving process of knowledge integration continued even after the NPD project was finalized. One of the success factors was, according to the two firms, related to the scope of the knowledge input of the supplier. Although specialized in casting, the supplier did typically also contribute knowledge related to processing. This points to the importance of common joint knowledge in knowledge integration processes characterized by far or strategic transfer and focused on the joint interpretation of knowledge to result in new combinations based on synthesis. The knowledge input of the supplier exceeded its future tasks in manufacturing.
Case 2 -the caliper (Carcom)
The caliper is a critical component in a disc brake. Calipers are used to squeeze pairs of pads against a disc to create friction that retards the rotation of a shaft, such as a vehicle axle. The new development included a number of innovative features affecting the casting design. Carcom involved a new, very large and well-known specialist manufacturer of disc-break components in its development project. The supplier had critical manufacturing competence and was considered to be one of the major future suppliers of the caliper. The input of supplier knowledge was considered to be incremental and the involvement of the supplier was foremost during the development phase of the NPD project. Knowledge integration with this supplier could be characterized as expert integration (Dixon, 2000) . Carcom shared its knowledge by exchanging 3D models. The supplier reviewed these and provided Carcom with feedback and suggestions. The 3D models served as artifacts for sharing knowledge:
In the caliper project we have sent 3D models to the supplier. They then import this model into their own CAD system and change the modules into something they are able to cast. Thereafter we get the model back. From there it's all about finding a compromise, to get the best variant where the function and casting is at its best. This dialogue with the supplier has been deep (Project Manager, Carcom).
The supplier's knowledge in casting served as a critical input:
Particularly in the development phase, we have to react and give feedback to Carcom. In that way, if necessary we can change a tolerance or design and geometry, so this is integrated later (Engineer, Supplier).
The new design also had an impact on the further processing and assembly of the component in the system. However, the supplier was not involved in discussing processing possibilities and limitations. The interaction was focused on optimizing the detailed specifications and design of the component.
Case 3 -the battery (Enercom)
The firm of Enercom acts as a system integrator in the energy sector and provides large industrial systems to the market. In the battery project, Enercom was aiming to develop a new energy storage solution for high voltage applications. Battery technology was considered critical in this solution and a co-development project was initiated with a specialist supplier. Enercom had little knowledge about batteries and their properties, whereas the supplier knew little about high voltage applications. The new solution needed to build strongly on the integration of both battery knowledge and high voltage application knowledge and resembles a situation of strategic knowledge transfer (Dixon, 2000) . Enercom initially used a stage-gate project management approach to manage the involvement of the supplier. It relied largely on interaction with the supplier in project review meetings in which progress was discussed. However, after a while, the engineers felt that there were too few opportunities for interaction and joint development of solutions. To facilitate the development of a joint understanding of the constraints, the project was further organized through a number of joint meetings and workshops. An important focus was to develop the interface between the batteries and the electrical system:
We wanted to have a clear division of labor, so that there would be no confusion about what belonged to Enercom and what belonged to the supplier. Also, we did not want the supplier to learn everything from us and then go to one of our competitors and start selling the batteries (Project Manager, Enercom).
During the joint meetings and workshops, project members at Enercom learned about the battery solution and its limitations. Meanwhile, the supplier learned more about the constraints related to the surrounding system and its application. Together, they jointly created new and specific knowledge that they did not previously have.
We focus on the batteries and mechanical/electrical structure surrounding the batteries, whereas Enercom's focus is on the integration into containers. Everything affecting the interfaces needs to be shared between the firms (Project Manager, Supplier).
Case 4 -the bearing (Enercom)
In another division of Enercom, a project was initiated to develop a hybrid bearing. This bearing was intended for use in electrical motors in trains. The hybrid bearing is a highly modular component in Enercom's overall system. The technological knowledge and intellectual property rights resided in a large and specialized supplier. Enercom has a long-standing relationship with this supplier and the two firms were well aware of each other's technical and organizational capabilities.
The interaction between Enercom and the supplier took place mainly through joint meetings and telephone conferences. Iterative discussions were initiated focusing on the functional specifications of the hybrid bearing. The discussions focused on Enercom's demands in relation to the limitations of the design by the supplier. To clarify why the supplier could not fully meet Enercom's demands, the supplier shared in-depth knowledge about the design of the hybrid bearing. Enercom shared knowledge about the overall system and applications in train motors, especially concerning its expectations related to maintenance and life expectancy. The supplier was hoping to use this knowledge to improve its future offerings for similar customers:
The possibility of further building our knowledge has been an advantage to us [in this project]. Collaborating with Enercom, which is in the frontline and has a new way of thinking is positive for us. It is useful for us, not only by increasing our business but also in terms of knowledge (Manager, Product Management and Business Development, Supplier).
Consequently, knowledge integration was characterized by expert knowledge integration with initially joint interpretation of knowledge (Dixon, 2000) in a knowledge-sharing phase. However, once the specifications were agreed upon, the development was performed by the supplier based on little interaction with Enercom. The supplier manufactured several pilot series of the hybrid bearings that were tested on motors. Enercom provided data on this testing to the supplier. Based on this data, the supplier modified and optimized the bearing solution.
Our general knowledge of bearings has increased due to the collaboration with the supplier. In particular, our knowledge of interpreting and understanding demands on the bearings and what implications they have on the product has increased (Project Manager, Enercom).
Case 5 -the antenna (Telcom)
The antenna project aimed at developing an active antenna based on a combination of two technologies related to radio and antenna. The idea for the project originated from the supplier, which is a well-known firm in the market and which specializes in antennas.
The supplier established contact with Telcom and suggested co-developing the product. The knowledge residing in the antenna supplier and Telcom's knowledge were equally important in the realization of the product. Knowledge integration was therefore based on joint interpretation of knowledge (Dixon, 2000) . This way of working was clearly different from their previous collaborations:
In previous collaborations we received a spec and could influence the project slightly. However, in this project, we created the product together (Project Manager, Supplier).
During the project, the interaction between the two firms was extensive. In the design phase, the firms organized two-day workshops every two weeks. Ten individuals participated in these workshops, five from each firm. During this period, the employees from each firm became one team. Additional contacts were numerous through telephone conferences, e-mails and documents that were exchanged on a shared web-based platform. Telcom organized the project through its established processes for product development, whereas the supplier relied less on structure and emphasized the importance of flexibility. The problems and challenges in the project were solved by having open communication and discussions:
People belonging to different technological areas trusted each other. That's important for the development of the interfaces. We have to be open to new solutions to develop the product (Platform Manager, Telcom).
Case 6 -the processor (Telcom)
The processor project focused on the development of a generic computer platform for a new generation of products. Telcom chose to continue to collaborate with the supplier of previous generations of the processor. This supplier is a market leader in the processor industry. The supplier pushes technology and product development independently. Based on its own product portfolio, it developed an offering to meet Telcom's specific demands.
To leverage this offering, Telcom allocated an internal team that worked with the processor project and its integration into Telcom's overall system. Telcom provided the supplier with demands and focused on influencing the longer-term design of the supplier's next generation of products. When the supplier released its prototype to Telcom, the supplier's product architecture engineers met Telcom's team. In this meeting, the supplier analyzed which parts of the component were critical to Telcom and proposed a final solution that could be tested. Telcom's internal team focused on implementing the supplier's solution into their system, testing it and providing feedback to the supplier. The supplier's role in the knowledge integration process resembled that of an expert (Dixon, 2000) . During the development project, interaction between the firms took place in design review meetings. This interaction was of a technical nature focused on progress reports and clarifications:
We have weekly meetings where we follow up the progress of the project and what difficulties we have. The supplier provides us with answers (Project Manager, Telcom).
The supplier allowed Telcom little insight into the technical details of its design. Simultaneously, Telcom was not inclined to disclose details about its technologies and system designs beyond those that the supplier needed to know to provide a suitable solution. Consequently, the sharing of knowledge between the two firms was limited.
[. . .] we are surrounded by IP and patent infringement. You don't want to show what you are doing. That makes engineer-to-engineer discussions rather limited (Key Account Manager, Supplier).
Analysis and discussion
Emerging patterns of knowledge integration
All six NPD projects represent a unique story about how external knowledge is integrated. However, the cases reveal several patterns that characterize the knowledge integration process in the projects. To describe these, the cross-case analysis focuses on knowledge characteristics in terms of supplier input in relation to knowledge integration mechanisms and corresponding knowledge integration approaches. To start with the knowledge characteristics, the cases were selected to show variations in the knowledge input of suppliers. As such, incremental input, i.e. knowledge for improved products/processes (Belderbos et al., 2004; Hoegl and Wagner, 2005) , or more radical input, i.e. supplier input in terms of new technology/design (Un et al., 2010; Li and Vanhaverbeke, 2009; Schiele, 2006) , was determined by our research design. However, the analysis of the data further informed us about the knowledge characteristics of the suppliers' input and the type of knowledge integration in relation to similarities and differences in knowledge (Dixon 2000) ( Table III) . The three buying firms each acted as system integrators for larger and complex systems for industrial markets and their overall system knowledge was critical in the process of integrating external knowledge into the projects (Takeishi, 2001) . However, the knowledge of each of the suppliers in terms of task and context in which it operates varied considerably.
The input from the suppliers was characterized as incremental in three of the projects. These inputs considered suggestions for pre-existing designs of the buying firm or minor changes to the suppliers' own existing products. In each of these three collaborations, the buying firms chose to collaborate with large, well-known, specialized suppliers with a dominant market position and potential exposure to direct competitors of the buying firms.
In these projects, the suppliers acted as providers of expert knowledge (Dixon, 2000) . A range of media were used to transfer knowledge, such as 3D models, reports, protocols and test analysis results. However, to gain a shared understanding of the project's goal, one of the incremental projects also made use of joint interpretation of knowledge in an initial phase of the project. Moreover, although the potential value of the suppliers' external knowledge was acknowledged, the customers were aware of the risk of knowledge leakage, and this may have limited the openness of the firms (Oxley and Sampson, 2004; Heiman and Nickerson, 2004) in terms of knowledge integration. The knowledge characteristics in the radically characterized projects represented supplier inputs relating to the suppliers' highly specialized component technology input. In contrast to the projects with incremental supplier input, the newly developed products in these projects relied to a higher degree on jointly developed, customized solutions and thus on a higher degree of asset specificity (Williamson, 1979) . The collaborations relied to a greater degree on far and strategic knowledge integration and joint processes based on a certain degree of common knowledge (Dixon, 2000) . The projects made use of real-time interpretations in physical meetings and problem-solving workshops where knowledge was combined from the buying firm and the supplier to find technical solutions.
Further comparison of the projects reveals that a wide range of knowledge integration mechanisms was used in the projects. In the projects with incremental input, not only sequencing and prototyping in particular but also modularization and transactional governance were dominant (Table III) . To a small extent, knowledge integration also took place through group problem-solving in these projects, usually during a limited period of time. In sequencing, traditional stage-gate models in NPD processes were utilized (Cooper, 2008) . Clear specifications directed the input from the suppliers to specific phases in the process. In addition, status updates were used at gates in the product development process to follow-up and monitor the progress made. The three projects also widely used prototypes to identify potential problems in the product solutions and to evaluate the interaction of the component with the overall system design (Schmickl and Kieser, 2008) . In the projects with radical supplier input, group problem-solving was prevalent as a mechanism for knowledge integration. The collaboration in these projects relied on regular joint meetings and open discussions throughout an extended period of time during the projects and allowed an interactive way of working (Grant, 1996) . In several of the projects, group problem-solving was supported by transactive memory based on previous collaborations. Group problem-solving was also facilitated by common working routines in terms of a web-based platform. One of the radical projects initially relied on a stage-gate project management approach (Gronlund et al., 2010; Cooper, 2008) . This mechanism was eventually abandoned and replaced by group problem-solving, as the project team realized that the initial approach provided insufficient support for knowledge integration in the particular project.
The pattern of knowledge integration mechanisms in the three projects with incremental input could be interpreted as a purposeful approach aimed at balancing openness in external knowledge integration with a control of knowledge flows to protect valuable technology (Oxley and Sampson, 2004) . The mechanisms that were used required a limited degree of personal communication, provided a clear structure for integration and were accompanied by a complementary focus on transactional governance. Sequencing, modular designs, prototyping and NDA agreements were used to facilitate knowledge sharing while prohibiting unintended knowledge leakage (Schmickl and Kieser, 2008) . The subsequent combination of knowledge was carried out more or less independently by the buyer firm's internal engineering team. In contrast, in the projects with radical supplier input, the boundaries of the firm were stretched by allowing in-depth and interpretive group problem-solving between the individuals of the different firms in the project. In line with previous literature, group problem-solving was found to be suitable for more complex tasks (Grant, 1996) , based on a high degree of communication between individuals (Galbraith, 1977) and particularly useful for experimentation with new alternatives in exploratory processes (March, 1991) . A relational perspective, transactive memory and supportive routines were used as complementary mechanisms. These projects were characterized by an explicit reciprocity of knowledge sharing, i.e. both the supplier and the buyer provided indispensable knowledge input to the project, and there was a joint process for combining the different knowledge bases.
Two approaches for integrating external knowledge
Based on this comparative analysis, two distinct approaches for integrating external knowledge emerge. Both approaches emphasize revealing the presence of pertinent knowledge rather than transmitting it entirely (Tiwana and McLean, 2005) . The first approach was found in combination with knowledge characteristics that represent incremental supplier input based on explicit knowledge in terms of refinements and extensions of existing product designs, which have been discussed in previous research by Belderbos et al. (2004) and Hoegl and Wagner (2005) . Knowledge integration in these contexts requires small-scale commitments (Kotabe et al., 2003) . Collaborative activities take place through rather impersonalized knowledge integration mechanisms, providing a sufficient basis for knowledge sharing while preventing the boundaries of the firm from becoming too open and safeguarding against knowledge leakage (Oxley and Sampson, 2004) . The main purpose of external knowledge integration could be described as the capturing of knowledge from the other partner through mechanisms that allow knowledge sharing. This provides an avenue for firms to obtain access to complementary knowledge (Grant and Baden-Fuller, 2004) . The subsequent combination of knowledge occurs in a rather shielded and independent manner in the respective buyer and supplier organizations. It could be argued that this knowledge integration approach provides advantages related to the efficiency of integration (Grant, 1996; Grant and Baden-Fuller, 2004; Schmickl and Kieser, 2008) as well as limiting the risk of knowledge leakage (Heiman and Nickerson, 2004; Oxley and Sampson, 2004) . We label this approach decoupled knowledge integration (Figure 1 ).
The second approach was found in combination with more radical supplier input knowledge characteristics. This approach relies on joint processes, in which knowledge is shared and combined in an interactive process focused on the interpretation of knowledge (Huang and Newell, 2003; Dixon, 2000) . Past experience and trust and a certain degree of overlapping knowledge (Takeishi, 2001) appear to be important in these knowledge integration processes. The foremost knowledge integration mechanism used is group problem solving. The boundaries of the firms are relatively open. As knowledge sharing and combining takes place interactively, it allows individuals from both buyer and supplier, with Figure 1 Coupled and decoupled knowledge integration distinct knowledge bases, to experiment with new ideas to create and apply new knowledge (Cheng and Van de Ven, 1996; March, 1991) . Knowledge is not primarily considered as a resource but as knowing. We label this approach coupled knowledge integration, and outline its characteristics in Figure 1 .
Conclusions
To study how firms open up their boundaries when integrating external knowledge, we set out to study six NPD projects at three knowledge-intensive manufacturing firms. By doing so, it was possible to investigate the approaches that firms use for integrating knowledge with their suppliers. We conceptualize knowledge integration as a process consisting of two sub-processes, i.e. knowledge sharing and knowledge combining. Based on our results, we were able to identify and characterize two different approaches:
1. a decoupled approach to knowledge integration in which knowledge sharing and knowledge combining are treated as two separate sub-processes; and 2. a coupled approach to knowledge integration based on coupled knowledge sharing and combining across firms.
Each of the approaches has specific implications in terms of how knowledge integration is managed, the perspective on knowledge, the similarities of knowledge bases and the openness of firm boundaries. The two approaches are characterized in Table IV .
Based on the results of our study, we propose that firms make purposeful choices to devise knowledge integration approaches when working in collaborative buyer -supplier projects.
First, these purposeful choices should be guided by the knowledge characteristics of the supplier input (i.e. radical or incremental) that reflect the knowledge of the supplier in relation to the specific demands of the product development task. In line with previous studies that stress the fact that knowledge characteristics help to explain how collaboration activities are implemented (Ranucci and Souder, 2015; Foos et al., 2006) , we find decoupled knowledge integration approaches to be connected to incremental supplier inputs based on improved products and/or processes and limited changes in technology and design. Although knowledge integration with suppliers is necessary to achieve the objectives in these projects, firms seem to limit their openness by allowing knowledge to be shared across firm boundaries but by being inclined to perform combining internally. This implies that whenever the task makes it possible, firms try to capture the value of the suppliers' external knowledge, in line with the resource-based view of the firm (Barney, 1991; Dyer and Singh, 1998 ), but do not disregard the potential risks of opportunism in inter-firm transactions of knowledge (Grandori, 2001; Oxley and Sampson, 2004) . In contrast, when the task does not allow limitations on the openness of firm boundaries, we propose that firms use coupled approaches to knowledge integration by jointly sharing and combining knowledge across firm boundaries. Therefore, we argue that an understanding of how to integrate external knowledge into NPD projects needs to be based on complementary perspectives building on the knowledge-based view, i.e. the integration of knowledge is considered as a problem of cognitive limitations and coordination (Kogut and Zander, 1992; Conner and Prahalad, 1996) and on organizational economics (Williamson, 2002) .
Our study extends the existing literature that either considers knowledge integration as a transfer of knowledge or as based on revealing the presence of pertinent knowledge without transmitting it entirely (Huang and Newell, 2003; Okhuysen and Eisenhardt, 2002) . We outline approaches to knowledge integration that include elements of both, but provide a more complex picture connected to the knowledge characteristics, perspectives of knowledge, openness of firm boundaries and elements of knowledge sharing and combining. Consequently, our study refines the results of previous studies that point to the limits of openness (Laursen and Salter, 2014; Laursen and Salter, 2006) by showing that firms make choices by adjusting their knowledge integration processes following the specific demands of the NPD task and the knowledge of the suppliers.
The study has been carefully designed so that we were able to make inferences from our data; however, we studied only six cases. The results show a consistent pattern, but it cannot be excluded that studying more diverse cases might result in additional insights. For instance, we only studied incremental knowledge inputs in incremental NPD projects and radical knowledge inputs in radical NPD projects, i.e. projects designed mainly around the specific collaboration. However, it is not uncommon for several suppliers or other actors to be involved in a single NPD project (Lakemond et al., 2006) . Furthermore, smaller technology-based firms from other sectors could also be studied. Knowledge integration processes in these firms are situated in a context of innovation that is characterized by a high degree of complexity and uncertainty (Berggren et al., 2011) . This context is different from that discussed by Grant (1996) and his knowledge-based theory of the firm, which assumes that the primary role of the firm is the application of existing knowledge. Further research could possibly add additional insights and further validate the results of this study.
